Abstract An asymmetric synthesis of a diastereomer (2) of the structure (1) proposed for amphidinolide A, a cytotoxic macrolide from the cultured dinoflagellate Amphidinium sp., has been accomplished. The absolute configuration of amphidinolide A was established as 3 from comparison of NMR data, HPLC analysis, and [α] D values of amphidinolide A, and comparison with the synthetic diastereomers 2 and 3, the latter of which was synthesized previously by Trost's group.
, and suggested that the diastereomer 3 may be the correct stereostructure of amphidinolide A. 4b,c,d In our efforts to determine the correct stereostructure of amphidinolide A, we have re-examined the relative stereochemistry of amphidinolide A. Our re-examination of the 1 H and 13 C NMR data have indicated that the correct stereostructure of amphidinolide A could be either of the diastereomer 2 or 3. Since the diastereomer 3 has been synthesized by Trost's group, 4b we decided to synthesize the alternative diastereomer 2 and to compare the NMR data of the synthetic diastereomers 2 and 3 with those of naturally derived amphidinolide A. In this paper, we describe an asymmetric synthesis of the diastereomer 2, and the determination of the absolute stereochemistry of amphidinolide A to be 3.
Although earlier we reported previously the relative stereochemistry for C-19 and C-20 in narural amphidinolide A as 19,20-threo from NOESY correlations of H-19 to H-21, H-20 to H 2 -17, and H-20 to H 3 -30 (Figure 1(a) ), the proposed stereostructure 1 was not correct. Alternatively, it was elucidated to be 19,20-erythro from the NOESY correlations and the 1 H-1 H coupling constant (6. 8 Hz) between H-19 and H-20 (Figure 1(b) ). On the other hand, the 13 C NMR data obtained for amphidinolide A were compared with those of the synthetic compound 1 reported by the Maleckzka group, 3 in which the difference (Δ +1.8 ppm) in chemical shifts at C-12 was slightly larger than those (|Δ| < 1.3 ppm) of the other stereogenic centers. 5 The 1 H-1 H coupling constant (~0 Hz) between H-11 and H-12 indicated 11,12-threo as reported previously. 1b These observations suggested that the possible stereostructure of amphidinolide A could be either diastereomer 2 or 3.
Since Trost's group has recently reported a synthesis of the diastereomer 3, we planned to synthesize the other possible diastereomer 2, using the synthetic strategy by Trost 4b , but using Kita's esterification 6 and a ruthenium-catalyzed coupling reaction 7 (Scheme 1). The alkyne 5 4b and the alkene 4 4b were prepared according to the same procedure as Trost's group. Treatment of the alkyne 5 and the alkene 4 with ruthenium catalyst provided 7 and its isomer 7' (Scheme 2). After deprotection of the fluorenymethanol (Fm) group in 7 with piperidine, the protecting group of 8 was changed from ketal to TES ether to give the acid 9. 8 Esterification of 9 with the alchol 6 using the modified method 9 of Kita 6 provided the desired ester 10 with no isomerization of any olefin moiety. 10 After removal of the TES group, intramolecular cycloisomerization of 11 under high dilution conditions, to form the C15-C16 bond, gave the desired diastereomer 2.
Scheme 2.
The 1 H and 13 C NMR data for synthetic compound 2 were not coincident with those of mphidinolide A, whereas the NMR data for compound 3 synthesized by Trost's group were close to a (7) dichloroethane (DCE) (1.7 mL) was degassed by F. T. P. (Freeze-pump-thaw cycles), the reaction 8, 152.7, 143.9, 143.3, 142.4, 141.2, 135.6 , 134. 1, 133.9, 127.6, 127.0, 125.0, 119.9, 119.0, 118.6, 117.9, 117.7, 117.4, 115.6, 84.0, 81.3, 79.8, 79.7, 65.8, 46.9, 37.7, 37.5, 37.4, 37.4, 36.4, 34.7, 23.6, 23.5, 23.5, 14 9, 154.4, 143.2, 142.3, 135.5, 134.7, 133.8, 119.0, 118.6, 117.7, 117.6, 117.3, 115.6, 84.0, 81.2, 79.7, 79.7, 37.6, 37.5, 37.4, 37.4, 36.3, 34.7, 23.6, 23.5, 23.5 
3-Methyl-7,10-dimethylene-8,9,11,12-tetrakis-triethylsilanyloxy-pentadeca-2,4,14-trienoic acid (9)
To ketal 8 (111.2 mg, 0.236 mmol) at room temperature was added acetic acid (1.5 mL) and water (0.5 mL). The reaction mixture was heated to 40 ºC for 24 h and concentrated to give the tetraol which was used in the next step without further purification. To a solution of the tetraol in THF (5.9 mL) at 0 ºC was added i-Pr2NEt (576 μL, 3.31 mmol) and TESOTf (530 μL, 2.36 mmol). The reaction mixture was stirred at 0 ºC for 20 min, quenc m extracts were washed with saturated KH2PO4 (1 x), brine (1 x), dried over MgSO4, and concentrated.
Purification by flash column chromatography on silica gel (9% EtOAc in hexanes) gave silyl ether 9
(172.9 mg, 92%) as a colorless oil 9, 155.1, 148.4, 146.9, 137.1, 136.3, 135.0, 116.9, 116.1, 113.6, 113.5, 80.1, 76.8, 74.9, 74.7, 36.9, 36.6, 14.0, 7.1, 7.1, 7.0, 7.0, 5.5, 5.2, 4.9, 4.9; IR (film) .15 mL) was added via cannula followed by CSA (0.52 mg, 2.24 μmol) and MS3A (10 mg). The Ac in hexane) gave ester 10 (9.3 mg,
1.0,CHCl 3 ).
3-Methyl-7,10-dimethylene-8,9,11,12-tetrakis-triethylsilanyloxy-pentadeca-2,4,14-trienoic acid
2-methyl-1-[3-(1-methyl-butyl)-oxiranyl]-pent-4-ynyl ester (10)
To a solution of acid 9 (17.7 mg, 22.3 μmol) in toluene (0.59 mL) at room temperature was added = 8.2, 3.9, 2.8 Hz, 1 H), 2 H), 2.89 (dd, J = 7.6, 1. 9, 153.4, 149.0, 147.5, 137.2, 135.8, 135.2, 4 , and concentrated in vacuo. Purification by flash column chromatography on ilica gel (13% to 67% EtOAc in hexane) gave tetraol 11 (2.3 mg, 46%) as an amorphous solid:
1.5 Hz, 1 H), 5.05 (dd, J = 10.2, 1.5 , 137.5, 118.1, 116.7, 114.2, 113.9, 82.3, 80.7, 77.4, 75.4, 75.3, 75.1, 70.2, 62.8, 57.0, 37.5, 37.2, 36.1, 35.9, 35.7, 22.7, 20.5, 17.3, 14.5, 14.4, 14.0, 7.5, 7.4, 7.4, 7.3, 6.0, 5.7, 5.5, 5.4; IR (neat) 4, 155.8, 151.9, 149.4, 137.5 9 137.0, 119.1, 118.2, 115.0, 114.6, 83.6, 78.0, 76.7, 76.4, 75.5, 74.9, 71.9, 64.6, 59.0, 39.6, 38.4, 37.8, 37.6, 37.2, 22.9, 22.0, 18.4, 15.5, 15.4 
